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METHOD OF DATA REDUCTION 

A .  Recorder Output 

The J u p i t e r  polar imeter  data  has been recorded on six-channel Edin 
recorder  cha r t s .  The proper o r i en ta t ion  of t h e  c h a r t s  i s  such t h a t  t h e  

cen te r  of curvature  of t h e  v e r t i c a l  l i n e s  l i e s  t o  t h e  l e f t ( F i g .  1). 
channels are labe led  as follows, from bottom t o  top: (1) "R" (records t o t a l  

r i g h t  hand p lus  one h a l f  t o t a l  unpoiarized power); (2) "L" ( t o t a l  l e f t  hand 

p lus  one h a l f  t o t a l  unpolarized power); (3) "RLIC" (cross  c o r r e l a t i o n  of  l e f t  
and r i g h t  po la r i za t ion  vec tors  mult ipl ied by t h e  cosine of t h e  r e l a t i v e  phase 

05 t h e  channel - explanation below); (4) "RLIS" (same a s  (3) except mul t ip l ied  

by $5ne in s t ead  of  cosine) ;  (5) and (6) "RL2C" and "RL2S", r e spec t ive ly  (same 

as (3) and (4) bu t  a t  an adjacent  frequency. 

The first four channels are a t  22 .2  MHZ. 

The 

Not used i n  t h e  present  a n a l y s i s ) .  

Time runs r i g h t  t o  l e f t .  
Between J u p i t e r  storms the  recoerder i s  run usua l ly  a t  a speed of 0 . 1  

millimeters pe r  second, and occasional ly  a t  0.03 m per  second, with a time 

cons tan t  of 1 . 0  second. 

s i x  channels as a ser ies  of f i v e  s t e p s .  

by a series of four  s t e p s  i n  t h e  f i rs t  two channels of somewhat g r e a t e r  amp- 

l i t u d e .  

pose i s  t o  check t h e  l i n e a r i t y  of t h e  de tec tors .  

pen l eng th  checks which must be noted before a t tempting t o  reduce pulses .  

When a storm begins t h e  speed i s  increased t o  5 .0  m/sec and t h e  time cons tan t  

reduced t o  0 .1  sec. (Fig. 2) 

Cal ibra t ions  occur every hour and a r e  v i s i b l e  on a l l  

They are followed a f e w  minutes l a t e r  

These a r e  not  t o  be confused with t h e  c a l i b r a t i o n  s t e p s .  Their  pur- 

Shor t ly  before  a storm are 

B. Cross Correlat ion Channels 

Channel 3 and 4 record,  respec t ive ly ,  t h e  quan t i ty  RLlcos(cpC+8) and 

RL2sin(qc+e) i n  u n i t s  of m i l l i a m p s ,  where cp is  t h e  r e l a t i v e  phase of t h e  

channel and 0 = 2x where x is the  r e l a t i v e  o r i e n t a t i o n  of t h e  m a j o r a 5 3  of 
t h e  p o l a r i z a t i o n  e l l i p s e .  (For d e a i l s  see: Marshall H. Co&n, Radio Astro- 
nomy Po la r i za t ion  Measurements, Proc. I A R . E . ,  46, 172,1958). Figure 3 conta ins  

a s i m p l i f i e d  diagram of t h e  c i r c u i t .  The s i g n a l  (RL/4)cos[p Awot] s p l i t s  
and each h a l f  mixes with a h a l f  o f  t h e  re ference  s i g n a l  cos[Jl - A w , t ] ,  one 

h a l f  of which is s h i f t e d  +90° i n  k h ~  phase by t h e  "k(n/2)" phase box. FiguEe 

4 con ta ins  a c i r c u i t  diagram of t h e  LSR phase s h i f t  u n i t ,  l abe led  "m(~r/2)", 

which exchanges channel phases between s t e p s  3 and 4 of  t h e  c a l i b r a t i o n  se- 
quence, assuming t h e  channels t o  be i n  quadrature.  

. 



C. Ca l ibra t ion  

2 .  

The c a l i b r a t i o n  s t e p s  a r e  produced by cu r ren t  s t e p s  of approximatey 
3.75, 7.5, 15.0, and 30.0 milliamps. 15.0 ma is  used f o r  s t e p  3 and 4. 

Actuai. values have been recorded on each observing n igh t  i n  the  observers '  

l og  book. 

by p l o t t i n g  the  mean values of each s t e p  i n  mil l imeters  r e l a t i v e  t o  t h e  base- 

l i n e  aga ins t  t h e  cu r ren t  f o r  each s t ep .  The raw readings of channel 3 and 4 

a r e  t o  be cor rec ted  f o r  phase by dividing by coscpc and s i n  cps, respec t ive ly .  

The phases are determined by taking t h e  r a t i o  of t h e  raw readings of s t e p  3 

and 4. For example consider channel 3 .  Taking &so lu te  values  only,  s t e p  3 

Cal ibra t ion  curves a r e  drawn f o r  t he  first two channels simply 

is  RLlcos[cpCf9O0] = RLlsin cpc, and s t e p  4 is  RLicos 9,. The r a t i o  is 

RLlsin qc 
= t an  rp 

RL1c0s, ~p e, 
C 

from which vC i s  determined. If l i n e a r i t y  

of t h e  de t ec to r s  is  assumed c a l i b r a t i o n  c o e f f i c i e n t s  f o r  a l l  four  channels may 

be determined by tak ing  t h e  s lope of t h e  b e s t  f i k  s t r a i g h t  l i n e  which passes  

through t h e  o r ig in .  

s t e p s  more than t h e  f i r s t . ) .  

Channel 4 i s  t r e a t e d  t h e  same way. 

(In p r a c t i c e  it has been more f e a s i b l e  t o  weight t h e  l a s t  

The uncer ta in ty  i n  measuring a c a l i b r a t i o n  s t e p  can be estimated by 

d iv id ing  one t h i r d  the  peak t o  peak noise  by t h e  square r o o t  of t he  number 

of time cons tan ts  i n  the  s t ep .  For example i f  the  peak t o  peak noise  i n  a 

s t e p  i s  about 1 . 5  mm, T = 1 sec and the  s t e p  l a s t s  30 seconds, (J = O . S / m  h. 
The u n c e r t a i n t i e s  a r e  represented by e r r o r  ba r s  i n  t h e  c a l i b r a t i o n  curves. 
I n  t h e  case of channel 3 and 4 the f i n a l  e r r o r  is t h e  r e s u l t  of propagating 

2 measuring e r r o r s  of t he  above type. 'The uncer ta in ty  i n  a c a l i b r a t i o n  coef- 

f i c i e n t  is  the  d i f fe rence  i n  slope between the  upper and lower curves (Fig. 5) 

D. Reduction of J u p i t e r  Pulses 

Cohen had shown, f o r  r i g h t  and l e f t  c i r c u l a r  antennas, 

I = IL + Ir 

v 0 IL - IR 

Q = 2RLcos 2~ 
U = 2RLsin 2X 

I n  t e r m s  of t h e  Gtokes Parameters I, Q, U, V - - - 
2 + UL, + VL m 3' I' 

and 

t a n  28 = &if+ 



from which 

3 .  

t an  B = r (7) 
where m and r are f r a c t i o n a l  po lar iza t ion  and a x i a l  r a t i o ,  respec t ive ly .  Thus 

2 f i i -  (2RLI2 +(IT - I,) 2 
i 2  

I, - 1% t a n  28 = 
2RL 

Processing t h e  da t a  involves d iv id ing  a pulse  i n t o  t h r e e  sect ions:  

(1) base l ine ,  (2) pulse ,  and (3) basel ine.  I n  p r a c t i c e  it has been b e s t  t o  

determine t h e  d iv i s ions  using channel 2,  and then mark t h e  corresponding 

d iv i s ions  i n  t h e  o ther  channels a f t e r  checking the  d i f fe rence  i n  pen lengths .  

The da ta  is  then read o f f  i n  equal time i n t e r v a l s  (0 .1  - 0.2 sec) r e l a t i v e  t o  

some a r b i t r a r y  base l ine  without eyebal l  i n t eg ra t ion .  Instantaneous readins  

a r e  recorded from channels 1 t o  4 a t  t h e  same i n s t a n t  of time r ega rd le s s  of 

t h e  noise ,  a f t e r  checking the  r e l a t i v e  pen lengths  ca re fu l ly .  

3 determine the  t r u e  base l ine  by means of a l e a s t  square s t r a i g h t  l i n e  fit. 

Then t h e  computer determines t h e  de f l ec t ions  r e l a t i v e  t o  t h e  t r u e  base l ine  of 

all t h e  poin ts .  

t h e  mean square noise  i n  sec t ion  1 and 3 ,  and upon applying t h e  c a l i b r a t i o n  

c o e f f i c i e n t s ,  comes up with quan t i t i e s  ai ( i  = 1,4), which a r e  noise  co r rec t ions  

f o r  t h e  corresponding channels. 

, 

Sect ion 1 and 

Once the  t r u e  basel ine i s  es tab l i shed  t h e  computer determines 

I 
2 I 

I n  theory i f  one reads a de f l ec t ion  d '  which d i f f e r s  on account of 

no ise  from t h e  t r u e ,  o r  mean def lec t ion  d by an amount A ,  then 

Consider n measurements: 

d i  = dl + a  - 

+ a  dp' = d2 - 2 2 

d i  = dn k An. 
Adding t h e  equations gives  

n n 

1 1  1 
E d i  = Cd. + C(kAi) (i = 1 , 2 , .  . .,n) 

For n l a r g e  I I 

C ( t A i )  n j 0. 

1 



4. 

and n n 
Cdi = Edi 
1 1 

o r  - - 
d '  = d as  t o  be expected. 

Now consider what happens when you square the  equation d; = d. 2 Ai. 
1 

For n measurements 

. I  

2 2 d '  = d:; t 2d A n n n n  
2 + A _ .  

For n large n 
C(+2diAi) + 0,  
1 and 

" 2  n 2  n 
Cdi2 = Edi + EAi 
1 1 1 Dividing by n gives  

o r  

Thus i f  w e  wish t o  compute 

1 2  = 2 1 ~ ' ~  

where 
- dl ' '1, etc .  

C i I R  - (c::. = c a l i b r a t i o n  coeff .) 
1 

Then ' I  

A: + -  
C 

2 
1 

dl 2 f 2dlAl + A, 2 -+ 4 2 

c1 2 
1 C 

1; = 

where 

But , 
d f A  

= 2 (  2 ,  2) (dl f Al) 2 1 ~ 1 ~  
c2 

+ d A  + d A  + A A )  L - -  
( d 2 d l -  1 2 -  2 1 -  2 1  c1c2 

- 

3 2d2dl/c2cl ( A s  uncorrelated) . 
Theref or  e 

2 2 2 
2 12 = IL + IR + 21LIR + 0: + (3 
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5. 

and 

I 

Similar ly  

2 2 2  
1' = I - a1 -0 2 

I (corrected) 

2 
('L - 'R'corrected = (IL - IR) 2 - a1 2 - a2. 2 

Equation (8) and (9) involve a term RL which may be derived from the  
measured quan t i t i e s  

d3 = c3RLcos(cpc + 8) 
d4 = c4RLsin(cps + 8) 

d3 = cgRL[cosrpccos 8 - s i n  cpcsin 81 

dq = c4RL[sin cps cos8 + cos cpssin 81, 

(loa) 

(lob) 
where "IC; # rps and 8 is the  phase ~ R ~ X E I ~ M E R ~  angle introduced by J q i t e r .  

Expanding (10) gives 

( l l a )  

(lib) 
followed by 

d3 = RL[cot cpCcos 8 - s i n  €I] (12a) 
t 3 s i n  cpc 

= RL[tan cpScos 8 + s i n  e] . 
C$OS cps 

Adding gives  

= RL cos 8[cot cpc + t an  cps (13) 
d4 + d3 

3 C c4cos cp S 
c s i n  cp 

and 
(d3/c3):cos cp S + (d4/c4) sin cp, 

RLcos e = s i n  cpccos cps(cot cp, + t an  9,) 

In  s i m i l a r  fashion (d4/c4)cos cpc - (d3/c3) s i n  cps 
RLsin 8 = ' . .  (15) - 9,) 

Squaring (14) and (15) gives 

.. 
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6.  . .  

Combining (16). and (17): 

Equation (18) contains  a term i n  the  numerator involving s in(pc  - rp,) , 
whose s ign  is  determined by not ing how the  s ign  changes i n  going from c a l i -  

b ra t ion  s t e p  2 t o  3 ,  and by t h e  f a c t  t h a t  t he  phase switching u n i t  adds 90" 
t o  one channel and sub t r ac t s  i t  from t h e  o ther .  I t  i s  not  known which channel 

has 90" added t o  it and which has it subt rac ted ,  but  t h i s  does not  mat ter .  

For example suppose it is. observed t h a t  i n  going from s t e p  2 t o  3 t he  cosine 
channel goes from p l u s  t o  minus and t he  sine channel from minus t o  plus .  

(1) If 90" i s  added t o  t h e  s i n e  channel and subtracted from t h e  cosine channel, 

cpc and qs both l i e  i n  the  fou r th  quadrant only. 

9, and cps l i e  i n  t h e  first and t h i r d  quadrants, respec t ive ly .  

t h a t  both (1) and (2) l ead  t o  t h e  same s ign of t h e  argument (cpc - qS). 
The absolute  value and sign of (cpc - rp,) can be checked by observing 

changes i n  Faraday r o t a t i o n  with time. 

cosine and s i n e  channels vary i n  sign i n  a reasonably per iodic  fashion , one 

can es t imate  t h e  d i f fe rence  cpc - cps and i t s  sign according t o  which channel 

l a g s  t h e  o the r .  

of one corresponds t o  a n u l l  o f  the o ther .  

(2) If the  reverse  is  t r u e  

I t  can be seen 

Places where the  de f l ec t ions  i n  the  

For cpc - cp, = 0 the channels a r e  i n  quadrature and a maximum 

For each time coordinate x t he re  corresponds one da ta  card containing 

f i v e  numbers: dl, d2,  d3, d4, and x, where dl, ..., e t c .  a r e  the  four  def lec-  

t i o n s  and x is  the  time coordinate (1, 2 ,  3 ,  ..., e t c . ) .  Each number i s  a l l o -  

t e d  f i v e  spaces such t h a t  t h e  first 25 spaces a r e  used (program statement 10= 

FORMAT(SFS.1)). Each sec t ion  of cards i s  separated by a card containing -70.0 

i n  t h e  first f i v e  spaces,  and each block of cards  ( = 3 sec t ions)  i s  separated 

by a card containing the  same number. The statement "DO 1000 KKK = 1,N" det -  
ermines how many blocks of da ta  the computer w i l l  process ,  where N equals t h e  

number of blocks.  

The computer output contains s t a t i s t i c a l  s c a t t e r  corresponding t o  t h e  

no i se  i n  the channels,  but  does not take  i n t o  account t h e  u n c e r t a i n t i e s  i n  t h e  

c a l i b r a t i o n s  nor t h e  argument (rpc - rp,) 



7. 

I1 
SUMMARY OF DATA REDUCTION: 1/24/67 - 6/12/67 

U n t i l  2/22/67 important information about t h e  phase s h i f t  u n i t  w a s  

lacking,  such as how t h e  phase s h i f t  w a s  introduced and whether or no t  it 

was accura te ly  90". 

i n v e s t i g a t e  whether o r  not  the  c a l i b r a t i o n  c o e f f i c i e n t s  c3 and c4 could be 

determined by means of per iodic  changes i n  Faraday r o t a t i o n  with t i m e .  

Therefore, it was necessary, s t a r t i n g  on 2/6/67, t o  

If a maximum of each channel i s  measured, the de f l ec t ions  are 

and 

d3max = c3RLcos Do 
d4max = c,+RLsin 90" 

= - -  3 max 
'3/'4 dqmax - P  

A t  some c a l i b r a t i o n  cu r ren t  w e  measure 

d3 = cpRLcos cpc 

S e t t i n g  rpc = cp 
g ives  

+ Arp, expanding cos(cps + Acp) , and d iv id ing  (20a) by (20b) 
S 

d cos cpscos Acp - s i n  cp s i n  Acp -- 1 3 =  S 
s i n  cps d4 

or 

= c o t  cp cos Acp- s i n  Acp, 

(UP) (d3/d4) + s i n  Acp 

S 

c o t  cps = 7 cos Acp 

where Acp may be determined i d e a l l y  by measuring t h e  f r a c t i o n  of  a period a 

m a x i m u m  of  one channel d i f f e r s  i n  time from a n u l l  of t he  o ther .  
ob ta ined  from (21). F ina l ly ,  c3 and c4 a r e  

and (20b) : 

cps is then 

obtained by rearranging (20a) 

( 2 2 4  
d3 

RLcos cpc c = c p =  3 

d4 
RLsin eps ' c 4 = c  = 

where RL i s  t h e  c a l i b r a t i o n  cu r ren t .  
But, it w a s  found t h a t  t h i s  method gave such l a r g e  u n c e r t a i n t i e s  i n  
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(cpc - cp ) as t o  be p r a c t i c a l l y  use less .  The followed an inves t iga t ion  a s  t o  

what e f f e c t  an e r r o r  i n  t h  90" phase i n s e r t i o n  would have on t h e  c a l i b r a t i o n  

c o e f f i c i e n t s ,  and m and r. On 2/22/67 t he  phase s h i f t  u n i t  was loca ted ,  un- 
tampered with,  a t  Balcones Research Center, and i t s  p rope r t i e s  and r e l i a b i l i t y  
were a t  l a s t  es tab l i shed .  

S 

P r i o r  t o  t h e  first ser ious  attempt a t  d a t a  reduction an inves t iga t ion  
was done on t h e  s t a b i l i t y  of t h e  channel ga ins  over a period o f  seven hours.  

I t  was found t h a t  channel 1 and 2 were approximately l i n e a r  up t o  30 m a  i npu t  

cur ren t ,  and t h a t  t h e  l a r g e s t  excursions i n  gain were on t h e  order  of 8% and 

4%, respec t ive ly .  Channel 3 and 4 showed poss ib le  non- l inear i ty ,  b u t  n o t  i n  

excess of the l i m i t s  of uncertainty inmeasurement. Excursions were a l s o  
approximately within t h e  l i m i t s  of uncer ta in ty  of  approximately 12% and 16%, 
respec t ive ly .  Then followed some hand reduct ions of peaks of pu lses  i n  t h e  

11/18-19/65 J u p i t e r  storms which showed s i g n i f i c a n t  f l uc tua t ions ,  b u t  t h e  

e r r o r  ana lys i s  revealed t h a t  it was not  poss ib le  t o  a t t r i b u t e  these  f l u c t u a t i o n s  

i n  m and r t o  anything o the r  than equipment noise .  

Beginning a t  t h e  end of March and cont inuing through May 1967  a new 

method of  reduct ion w a s  developed. 

q u a n t i t a t i v e  values  of m and r were uncer ta in  by SO% - loo%, due t o  measuring 

u n c e r t a i n t i e s  of  t h e  pulses  and ca l ib ra t ions .  Therefore it w a s  decided t o  
te rmina te  any f u r t h e r  attempts a t  obtaining absolute  values of m and r, and t o  

concent ra te  on de tec t ing  inherent  changes i n  t h e  po la r i za t ion  parameters. The 

technique involves  reading instantaneous,  unsmoothed de f l ec t ions  a t  equal time 

i n t e r v a l s  of .1 or . 2  seconds. The da ta  i s  then fed i n t o  a computer which 

p r i n t s  out  values  of I , (IL - IR)2,  (RL)*, m2 and r2.  
method a r e : ( l )  The uncer ta in ty  i n  t h e  c a l i b r a t i o n  c o e f f i c i e n t s  can be e l i m i -  
na ted ,  thereby reducing t h e  s t a t i s t i ca l  uncer ta in ty  i n  m and r t o  t h a t  a t t r i -  

bu tab le  t o  t h e  noise  i n  the  channels. 

e l iminated;  e r r o r s  can be estimated adequately from t h e  s t a t i s t i ca l  f luc tua -  

t i o n s  i n  t h e  output .  (3) Inherent changes i n  m and r l a r g e r  than t h e  s tandard 

dev ia t ion  of t h e  s t a t i s t i c a l  f l uc tua t ions  can be detected i n  time i n t e r v a l s  a s  

s h o r t  as about 0.5 second. This information i s  p r a c t i c a l l y  a s  important a s  

abso lu t e  values  themselves, f o r  i n  t h e  case  of m, an inherent  change implies  

t h a t  m i s  not always uni ty .  The assumption i s  kept  i n  mind, of course,  t h a t  

t h e  channel ga ins  a r e  constant  during t i m e  i n t e r v a l s  up t o  a few minutes, b u t  

may d r i f t  during a per iod of many minutes t o  an hour by 1 0  or 1 5  percent .  

I t  was evident  from t h e  previous work t h a t  

2 The advantages of  t h i s  

(2) T ime  consuming e r ro rana lys i s  can be 

So f a r ,  t h e  b e s t  da t a  reduced by t h e  new technique occurs on 11/27/65 

a t  about  7 : lO EST. 
t i v e l y  long pulses  s t a r t i n g  a t  7:09.6 and ending a t  7 : lO .g .  

Graphs of m and r versus  t a r e  i n  f i g u r e  6 f o r  two r e l a -  

The average value 
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of m i n  t h e  7:09.6 graph appears to be between .95 and 1 .00;  
7:10.6 graph about .90. 

accounted f o r  by small  e r r o r s  i n  basel ine determination. The s l i g h t  nega t ive  
s lope of each graph can l ikewise be a t t r i b u t e d  t o  s m a l l  b a se l ine  s lopes  r e l a -  

t i v e  t o  t h e  t r u e  base l ine .  There appear t o  be small v a r i a t i o n s  of  Am = .20 - 
.25 with per iods of 2 - 3 seconds, bu t  s ince  t h e  s tandard deviat ion i s  of  t h e  

same order  of  magnitude, one should not  conclude with confidence t h a t  t hese  

a r e  inherent .  One u s e f u l  aspect  of t h e  apparent constancy of m ,  however, i s  
t h a t  t h e  de tec t ion  system appears t o  be l i n e a r  f o r  a considerably higher  antenna 

temperature than t h a t  of t h e  s t ronges t  c a l i b r a t i o n  s t e p ,  owing t o  t h e  small 

p robab i l i t y  t h a t  t h e  effect  on m due t o  non l inea r i ty  would be exac t ly  canceled 

by an inherent  change i n  m. 
i s  l i n e a r  t o  a cu r ren t  of 150 milliamperes above background. 

t h a t  f o r  t h e  

This s l i g h t  d i f fe rence  of 5% - 10% can probably be 

Hence, it would be f a i r  t o  s ta te  t h a t  channel 2 

At 7:09.6 r appears e s s e n t i a l l y  constant  over a per iod of  10  seconds, 

although small f l uc tua t ions  of A r  M 0 . 1  show up i n  t h e  i n t e r v a l  t = 2 . 0  - 5 .0  

sec., which, owing t o  l e s s  s c a t t e r ,  g ive b e t t e r  evidence that  propagation 
effects  are being detected than i n  t h e  case  of  m. 
i n  t h e  7:lO.Q graph with t h e  addi t ion of a s l i g h t  r i s e  i n  t h e  middle. 

S imi la r  f l u c t u a t i o n s  occur 

Some da ta  from t h e  11/18/65 and 11/19/65 J u p i t e r  storms were processed 
Nearly a l l  

A p l o t  of  
by an ea r l i e r  program which d id  not contain t h e  noise  cor rec t ions .  

the graphs of m have s o  much scatter as t o  be p r a c t i c a l l y  use less .  
averages o f  m of each pulse  i n  t h e  Nov. 19th da t a  with e r r o r  bars  represent ing  

s c a t t e r  i n d i c a t e s  t h e r e  may be a change occuring a t  about 7 : 3 0  EST (Fig. 7). 
Histograms (Fig. 8) f o r  the time i n t e r v a l s  7:lO - 7:30 and 7:30 - 7:50 show 

peaks a t  m = .70 and 1 . 1 0 ,  respec t ive ly .  However, t h e  p o s s i b i l i t y  of a change 
i n  channel gain occuring i n  t h i s  per iod could preclude i n t e r p r e t i n g  the v a r i a t i o n  

i n  m as inherent .  The r e s t  of the output s u f f e r s  from too  much s c a t t e r  and 

too  s h o r t  a time durat ion.  

. 

I11 

CONCLUSION AND RECOMMENDATIONS 

Up t o  t h i s  p o i n t  t he re  has no t  been much evidence t h a t  t h e  f r a c t i o n a l  
I t  is  clear  t h a t  t h e  ch ief  problem with t h e  p o l a r i z a t i o n  changes from un i ty .  

Yale polar imeter  da t a  i s  t h e  noise,  e spec ia l ly  i n  t h e  cosine and s ine  channels.  

Moreover, s t a t i s t i c a l  f luc tua t ions  i n  RL ca r ry  e x t r a  weight because of t h e  

fac tor  of  4 i n  t h e  m equation and 2 i n  t h e  t a n  26 equation. 
a b l e  t o  d e t e c t  small changes i n  m and r with c e r t a i n t y ,  and prevents  p r e c i s e  

, I t  prevents  being 
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absolu te  measurements from being made. 

The noise  of  a l l  channels should i n  t h e  future be kept a t  a minimum. 

Increasing t h e  time constant  t o  0 . 2  sec .  may be he lp fu l  without appreciable  

l o s s  i n  time s t r u c t u r e .  Many c a l i b r a t i o n s  have been degraded o r  completely 

o b l i t e r a t e d  by dis turbances o the r  than pure noise .  Observers should keep a 

check on t h e  t r ac ings  a t  a l l  times. Tf it appears t h a t  tile c a l i b r a t i o n s  a r e  

not  coming through c l e a r l y  before  a storm, they should be applied manually 

a t  some q u i e t e r  moment. It  is  important, moreover, t o  make s u r e  t h a t  a t  

l e a s t  one c l e a r  c a l i b r a t i o n  sequence occurs immediately a f t e r  a storm so  

t h a t  one may obta in  c a l i b r a t i o n  c o e f f i c i e n t s  during t h e  storm by in t e rpo la t ion .  
F ina l ly ,  t h e  c a l i b r a t i o n  s t e p s  should be l a r g e r  so  t h a t  one does not  have t o  

worry about ex t rapola t ing  i n t o  t h e  nonl inear  region of t h e  de t ec to r s .  

more, increased s t e p  s i z e  and reduction of noise  should make it poss ib le  t o  

read t h e  c a l i b r a t i o n s  during a q u i e t  period of a storm with g rea t  accuracy. 

Recently, it has been found t h a t  a more v a l i d  treatment of t h e  d a t a  

Further- 

i s  t o  t ake  readings every t e n t h  of  a second, r a t h e r  than two t en ths .  This 

is t o  in su re  t h a t  t h e  po in t s  a r e  properly d i s t r i b u t e d  around t h e  mean. 
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